Cofactor-directed inactivation by nucleophilic amines of the quinoprotein methylamine dehydrogenase from Paracoccus denitrificans.
Phenylhydrazine, semicarbazide, aminoguanidine, hydrazine, and hydroxylamine each irreversibly inactivated methylamine dehydrogenase from Paracoccus denitrificans and caused changes in the absorbance spectrum of the protein-bound tryptophan tryptophylquinone [TTQ] prosthetic group. Different spectral perturbations were observed on reaction with each of these inactivators. In each case a stoichiometry of 2 mol per mol of enzyme (1:1 per cofactor) was required to observe complete modification of the absorbance spectrum. Identical changes were observed in the presence and absence of oxygen. The reactions of hydrazine and hydroxylamine were very rapid, with stoichiometric inactivation occurring in less than 30 s. Inactivation by phenylhydrazine and semicarbazide exhibited apparent bimolecular kinetics and second order rate constants for inactivation, respectively, of 25 min-1 mM-1 and 39 min-1 mM-1. In contrast, inactivation by aminoguanidine exhibited saturation behavior and kinetic parameters of KI = 2.5 mM and kinact = 0.5 min-1 were obtained. Ammonium salts did not inactivate the enzyme, but were reversible competitive inhibitors with respect to methylamine. A Ki of 20 mM was obtained for ammonium chloride. A mechanism for the reactions of these compounds with the TTQ cofactor of methylamine dehydrogenase is proposed, and the relationship of these data to the mechanisms of interaction of these compounds with o-quinones and other quinoproteins which possess TTQ and other quinone cofactors is discussed.